The objective of this study was to evaluate the effect of different solvent extraction on the phenolic content and antioxidant activity of turmeric (Curcuma longa). Fresh turmeric roots were dried, grounded and antioxidants extracted by maceration in methanol, ethanol, cold and warm water. The phenolic content of the extracts was determined using the FolinCiocalteu Method. A total of three antioxidant tests were done on the extracts: the 2, 2-diphenyl-1-picrylhydrazyl test (DPPH test), the Ferric reducing antioxidant power (FRAP) and the Metal chelation ability (MCA). Results showed that the alcoholic extracts exhibited the highest phenolic content (TPC) (15.71-40.81mg GAE/g) and antioxidant activities (AA). However, the highest TPC (40.81mg GAE/g) and AA were recorded with the ethanolic extract (81.96 to 92.56% for the DPPH test; 0.88 to 2.12 for the FRAP; and 64.87 to 98.12% for the MCA each at concentrations 25 to 200 µg/ml). Among the aqueous extracts, the phenolic content and antioxidant activity of the warm aqueous extract was significantly higher (p<0.05)than that of the cold aqueous extract. Ethanol is best for the extraction of phenolic antioxidant from turmeric compared to methanol and water. For local use, warm water can be recommended, as it extracts more antioxidants than cold water.
Introduction
In the recent years, the active principles provided by the secondary metabolism of plants such as herbs, spices, vegetables, fruits have been widely used to cure, inhibit or reduce the risk of human diseases. These secondary metabolites have several health benefits due to their antioxidant activity and their capacity to delay oxidative damages that have been proven to be implicated in several diseases such as cancer and cardiovascular disorder (Shahidi and Ambigaipalan, 2015) . Among these active molecules, phenolic acids and flavonoids are the most represented. These bioactive compounds vary in type, number and position of functional groups, resulting in a variation of their activity. Plants that are generally rich in these compounds have very good antioxidant activity as they have the ability to stop or protect the biological system against the potentially harmful effects of free radicals and reactive oxygen species when there is imbalance between these reactive oxygen species and the natural antioxidant present in the body (Jakopic et al., 2009) . Herbs and spices are generally used in the preparation of food mostly to improve in their color and flavour. They are also used as preservative agents to extend the shelf life of foods (Kivilompolo et al., 2007) or as an ingredient in the preparation of food and as traditional medicines. These plants have been reported to be rich in antioxidant components, mostly polyphenol which is responsible for many of their biological activities (Figueirinha et al., 2008) . Because of the variability of the active constituents' present, the selection of the appropriate solvent for the maximal extraction of polyphenols is recommended, since these molecules are extracted at different levels by each solvent. It is important to know the best solvent for a good extraction of those active principles in such a way that it can be recommended for high or low scale industrial use. In previous studies, researchers have evaluated the effect of extraction methods using different solvents on the phenolic content and antioxidant activity of plant materials. In one study, Sepahpour et al. (2018) 
Materials and methods

Materials
Dried turmeric (Curcuma longa) was purchased from Muea local market, Buea, South-West Region, Cameroon in May 2018. All chemicals and reagents used were of analytical reagent grade.
Methods
Sample preparation and processing
Fresh turmeric was sliced into smaller pieces and dried in an oven for 24 hrs at 48 o C. The dried turmeric was then divided into four groups and allocated the following codes; T1, T2, T3 and T4. The turmeric of each group was then ground using a grinding machine (brand: Aifa, China).
Extraction of turmeric phenols.
The dried turmeric (T1, T2, T3, T4) each weighing 34.5 g was into four separate containers, and then extracted using the following; T1 cold water, T2 hot water, T3 ethanol and T4 methanol each at volume of 350 mL, for 24 hrs at room temperature, the mixtures were regularly subjected to shaking during the extraction. The extracts were then filtered with a Whatman No. 1 filter paper. The combined filtrates were subjected to rotatory evaporation at 40 o C under reduced pressure to the removal of the solvent. The dried extract was used for the determination of total phenolic content and antioxidant activities.
Effect of processing on the total polyphenol of turmeric.
The effect of processing on the total phenolic content of turmeric was determined using the Folin-Ciocalteu colorimetric method, as described by Gao et al. (2000) . In a test tube of 5 ml volume, 20 μL of a 2 mg/mL extract solution was added, followed by the FolinCiocalteu reagent (0.2 mL) and distilled water (2 mL).
After 3 mins incubation of the solution mixture at room temperature, 1 mL of 20% sodium carbonate solution was added and the mixture was re-incubated for 20 mins under the same conditions. The absorbance of the resulting blue coloured solution was measured at 765 nm using a spectrophotometer. The total phenolic content of the extract was calculated from the gallic acid standard curve and expressed as milligrams equivalents gallic acid per gram of extract.
Effect of processing on the antioxidant activity of turmeric
DPPH radical scavenging assay
The radical scavenging ability of the extracts was determined according to the method of Braca et al. (2002) . Briefly, 4.5 mL of 0.002% alcoholic solution of DPPH was added to 0.5 mL of different concentrations (125, 250, 500, 1000 and 2000 µg/mL) of samples and standard solutions separately, in order to have final concentrations of products of 25-200 µg/mL. The samples were kept at room temperature in the dark and after 30 mins, the absorbance of the resulting solution was measured at 517 nm. The absorbance of the samples, control and blank was measured in comparison with methanol.
Synthetic antioxidant, butylated hydroxytoluene (BHT), which is a recognized powerful hydrogen donor, was used as positive control. The antiradical activity (AA) was determined using the following formula: AA% = [(Abs control -Abs sample) × 100/Abs control ] Where A bs control was the absorbance of control and A bs sample the absorbance of the sample or standard.
Ferric reducing antioxidant power
The antioxidant potential of Curcuma longa extracts was also evaluated by their ability to reduce iron (III) to iron (II) following the method of Oyaizu (1986) . An aliquot of 0.5 mL plant extract (125, 250, 500, 1000 and 2000 µg/mL) was mixed with 1 mL phosphate buffer (0.2 M, pH 6.6) and 1 mL of 1% aqueous K 3 Fe (CN) 6 solution, well shaken and incubated at 50°C for 30 mins. After incubation, 1 mL of 10% TCA solution was added to stop the reaction and the mixture was centrifuged at 3000 rpm for 10 mins. Briefly, 1.5 mL of supernatant, 1.5 mL of distilled water and 0.1 mL of 0.1% FeCl 3 solution were mixed and incubated for 10 mins and absorbance read at 700 nm using a spectrophotometer. A sample blank, containing all the reagents but no extract was prepared in the same conditions. Catechin, a recognized powerful ferric reducer, was used as positive control to compare the reducing power of the extracts. A higher absorbance indicates a higher reducing power. 
Metal chelation ability
The antioxidant potential of Curcuma longa extracts was also evaluated by its ferrous ion chelating activity (Benzie and Szeto, 1999) . In test tubes containing 160 μL of sample solution (1000 μg/mL), 160 μL of aqueous solution of 1, 10-phenanthroline (0.25%) and 400 μL of methanolic FeCl 2 (0.1%) were added. After 10 mins incubation at room temperature, 880 μL of distilled water was added and the absorbance was measured at 510 nm. The metal chelating efficiency of the Curcuma longa extracts was compared to that of catechin (positive control). The inhibition percentage (IP) of the formation of the complex Fe 2+ -phenanthroline was calculated using the following formula: IP% = Abs sample × 100/Abs control
Statistical analysis
Results (Mean±Standard deviation) obtained in the present study were subjected to one-way analysis of variance (ANOVA) with Student-Newman-Keuls test using Graphpad-InStat version 3.05, to evaluate the statistical significance of the data. A probability value at p<0.05 was considered statistically significant.
Results and discussion
Results
Total phenolic content
The total phenolic contents of Curcuma longa rhizomes extracted using different solvents and conditions are presented in Figure 1 . The ethanolic extract has exhibited significantly higher (p<0.001) phenolic content (40.80 mg GAE/g) compared to the other samples. It was followed by the methanolic extract (15.71 mg GAE/g) and the warm aqueous extract (7.54 mg GAE/g). The lowest phenolic content was registered with the cold aqueous extract (4.79 mg GAE/g).
Antioxidant activity
Radical scavenging activity
The radical scavenging activity of different turmeric extracts is illustrated in Figure 2 . It is clearly observed that the ethanolic extract of this plant has exhibited significantly higher (p<0.05) activity (80-90%) compared to the other extracts and this at all concentrations. It was followed by the methanolic extract (53-85%), the warm aqueous extract (15-60%) and the cold aqueous extract (15-35%). Generally, apart from the ethanolic extract which exhibited similar activity (p>0.05) at all concentrations, the activity of the other extracts was significantly different (p<0.05) at the concentration.
Ferric reducing antioxidant power
The ferric reducing antioxidant power of Curcuma longa extracts is presented in Figure 3 . As previously observed with the radical scavenging activity, the highest ferric reducing antioxidant power was registered with the ethanolic extract, followed by the methanolic extract. The activity of the cold and warm aqueous extract was significantly lower (p<0.05) compared to that of those of the extracts obtained using organic solvents. However, the ferric reducing power of the warm aqueous extract was significantly higher (p<0.05) than that of the cold aqueous extract. Generally, the activity of all these extracts was increasing with their concentration.
Metal chelation ability
The ability of different extracts of Curcuma longa rhizome to chelate transition metals is presented in Figure 4 . The ethanolic extract exhibited the highest (p<0.001) metal chelation ability compared to the other extracts. Its activity was the best at all concentrations. This extract was followed by the methanolic extracts and warm aqueous extract. The lowest activity (p<0.05) was registered with the cold aqueous extract. Generally, the activity of all these extracts was proportional to their concentrations.
Discussion
The phenolic antioxidant extracted from plants have been intensively investigated for their biological activities among which their antioxidant activity. Many scientific reports have demonstrated that plant extracts contained a high amount of phenolic compound which possess good antioxidant activity (Abdou Bouba et al., 2010; Womeni et al., 2013) . The total phenolic content of turmeric extracts analyzed using the Folin-Ciocalteu method showed that organic solvents (Ethanol and methanol) are suitable for the maximal extraction of the phenolic compound from turmeric rhizomes. The Total phenolic content of the warm aqueous extract was significantly higher than that of the cold aqueous extract. The differences observed in the phenolic content of these extracts can be attributed to the nature of the extracted solvent and the chemical properties of the phenolic antioxidants available. The fact that organic solvents generally exhibit good antioxidant activity than aqueous solvent has already been reported by Iqbal and Bhanger (2007) who demonstrated that the phenolic content of ethanolic and methanolic extracts of garlic was significantly higher than that of the aqueous and acetone extracts. The total phenolic content obtained in this study with the methanolic extract was 15.71 mg GAE/g. This value was significantly lower than that reported by Alafiatayo Akinola et al. (2014) who obtained a value of 43 mg GAE/g. However, the total phenolic content of Curcuma longa extracts obtained in this study was significantly higher than that reported by VallverduQueralt et al. (2015) who obtained a value of 9 µg/g with the hydroalcoholic extract of the same plant. The variations observed can be attributed to environmental differences, the harvesting period and the extraction and characterization methods (Shan et al., 2005) . The high total phenolic content of the warm aqueous extract compared to the cold one can be explained by the fact that heat has facilitated the rupture and release of these active principles from plant cells. The results obtained in this study showed that the total phenolic content of the ethanolic and methanolic extracts was higher than those of the aqueous extracts. This result agrees with the findings of Sepahpour et al. (2018) who demonstrated that the total phenolic content of turmeric extracted with 80% acetone, 80% ethanol, 80% methanol and cold water were respectively 221.7, 172.1, 90.1 and 3.8 mg GAE/g of freeze-dried crude extract.
The antioxidant activity of different extracts of Curcuma longa was also evaluated using different mechanisms of action. Results showed that the ethanolic and methanolic extracts exhibited the best antioxidant activity compared to aqueous extracts. This can be attributed to the high concentration in phenolic antioxidants. It has been demonstrated that phenolic antioxidants have the ability to donate their atoms for the stabilization of free radicals generated by the oxidative stress or to reduce and chelate transition metals that facilitate the generation of these radicals. This significantly depends on the structure of the antioxidant present. Ethanol and methanol might be having the power to extract more phenolic antioxidant with different mechanisms of action than warm and cold water. The result obtained in this study showed that organic solvents of turmeric have good antioxidant activity than aqueous solvent. This observation is in line with those reported by Sepahpour et al. (2018) who demonstrated that the radical scavenging activity of 80% acetone, 80% ethanol, 80% methanol and aqueous extract were respectively 67.8, 47.4, 27.8 and 13.8%. In a similar way, it was demonstrated that the ferric reducing antioxidant power of these same extracts were respectively 85.0, 55.8, 25.4 and 2.3. Ethanol might be the best solvent to be used for a maximal extraction of molecules with good antioxidant activity from Curcuma longa rhizome. 
Conclusion
Results showed that the alcoholic extract has the highest phenolic content in antioxidant activity. However, the ethanolic extract was the best. Among the aqueous extracts, the phenolic content and antioxidant activity of the warm aqueous extract was significantly higher than that of the cold aqueous extract. Ethanol is the best solvent for the extraction of phenolic antioxidant compared to methanol and water. The ethanolic extract can be used for the extraction of active principles from Curcuma longa roots for medicinal purpose. In addition, at the local level, warm water can be recommended.
